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A device and a method guide light in an augmented-reality 
system, Whereby a recorder unit, With an optical axis, records 
a real object and displays the same on a display unit. A data 
processing unit generates a virtual object and also displays 
the same on the display unit. Based on a known sensor posi 
tioning, a sensor alignment, a sensor directional diagram and 
a provided sensor output signal from at least tWo light-sensi 
tive sensors, an illumination angle is then determined and the 
light guidance for the virtual object carried out in the display 
unit, based on said illumination angle. 



Patent Application Publication Sep. 4, 2008 Sheet 1 0f 3 US 2008/0211813 A1 



Patent Application Publication Sep. 4, 2008 Sheet 2 0f 3 US 2008/0211813 A1 

FIG 2 

Amplitude 

of 

' the 

sensor 

signals 



Patent Application Publication Sep. 4, 2008 Sheet 3 0f 3 US 2008/0211813 A1 

FIG 4 
IL 1? 

$7 1 

a 

y a 



US 2008/0211813 A1 

DEVICE AND METHOD FOR LIGHT AND 
SHADE SIMULATION IN AN 

AUGMENTED-REALITY SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The application is based on and hereby claims pri 
ority to PCT Application No. PCT/EP2005/053194 ?led on 
Jul. 5, 2005 and European Application No. EP04024431 ?led 
on Oct. 13, 2004, the contents of Which are hereby incorpo 
rated by reference. 

BACKGROUND 

[0002] A device and method for light guidance in an aug 
mented reality system and generate virtual shadoW and/or 
virtual ?ll-in regions for inserted virtual objects according to 
actual illumination conditions, Which can be used for mobile 
terminals, such as mobile telephones or PDAs (personal digi 
tal assistants). 
[0003] Augmented reality represents a neW technological 
area, Wherein additional visual information is for example 
overlaid on a current optical perception of the real environ 
ment. A basic distinction is made here betWeen What is knoWn 
as see-through technology, Where a user for example looks 
into the real environment through a light-permeable display 
unit, and What is knoWn as feed-through technology, Where 
the real environment is recorded by a recording unit, such as 
a camera for example, and mixed or overlaid With a computer 
generated virtual image before being shoWn on a display unit. 
[0004] As a result a user therefore perceives both the real 
environment and the virtual image components, generated by 
computer graphics for example, as a combined representation 
(cumulative image). This mixing of real and virtual image 
components for augmented reality alloWs the user to execute 
their actions directly incorporating the overlaid and therefore 
simultaneously perceivable additional information. 
[0005] So that an augmented reality is as realistic as pos 
sible, an important problem relates to determining the real 
illumination conditions, so that the virtual illumination con 
ditions or What is knoWn as light guidance are tailored opti 
mally for the virtual object to be inserted. Such virtual light 
guidance or the tailoring of virtual illumination conditions to 
real illumination conditions relates beloW in particular to the 
insertion of virtual shadoW and/or ?ll-in regions for the vir 
tual object to be inserted. 

[0006] Until noW the realiZation of such virtual light guid 
ance or integration of virtual shadoW and/ or ?ll-in regions in 
augmented reality systems Was dealt With largely in a very 
static manner, With the position of a light source being inte 
grated into the virtual 3D model in a ?xed or unchangeable 
manner. The disadvantage of this is that changes in the posi 
tion of the user or recording unit or light source, Which also 
result directly in a change in the illumination conditions, 
cannot be taken into account. 

[0007] With another knoWn augmented reality system the 
illumination direction is measured dynamically by image 
processing, With an object of a particular shape, for example 
a shadoW catcher, being positioned in the scene and the shad 
oWs this object casts on itself being measured using image 
processing methods. HoWever this has the disadvantage that 
this object or shadoW catcher is alWays visible in the image 
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When changes occur in the illumination, Which is not practical 
in particular for mobile augmented reality systems. 

SUMMARY 

[0008] One possible object of the invention is therefore to 
create a device and method for light guidance in an aug 
mented reality system, Which is simple and user-friendly and 
can in particular be used for mobile areas of deployment. 
[0009] The inventors propose using at least tWo light-sen 
sitive sensors, each With a knoWn sensor directivity pattern 
and having a knoWn sensor positioning and sensor alignment 
in respect of the recording unit and its optical axis, it is 
possible for a data processing unit to determine an illumina 
tion angle in relation to the optical axis of the recording unit 
based on the knoWn sensor positioning, the sensor alignment 
and the characteristics of the sensor directivity pattern as Well 
as the detected sensor output signals. The light guidance or a 
virtual shadoW and/ or ?ll-in region for the virtual object can 
then be inserted in the display unit as a function of this 
illumination angle. It is thus possible to achieve very realistic 
light guidance for the virtual object With minimal outlay. 
[0010] A one-dimensional illumination angle is preferably 
determined by establishing the relationship betWeen tWo sen 
sor output signals taking into account the sensor directivity 
pattern and the sensor alignment. Such a realiZation is very 
economical and also user-friendly, as the former markers or 
shadoW catchers are no longer required. 
[0011] A spatial illumination angle is preferably deter 
mined by triangulating tWo one-dimensional illumination 
angles. With such a method, as used for example in GPS 
(global positioning system) systems, three light-sensitive 
sensors suf?ce in principle, the alignment of said sensors not 
lying in a common plane. This further reduces the realiZation 
outlay. 
[0012] A spatial illumination angle can further be estimated 
based on only one one-dimensional illumination angle as Well 
as based on the time of day, it being possible, in particular 
With a daylight environment, also to take into account a 
respective position of the sun as a function of the time of day, 
in other Words the vertical illumination angle. In some appli 
cation instances it is therefore possible to reduce the realiZa 
tion outlay further. To determine the daylight environment a 
detection unit can for example be used to detect a color 
temperature of the illumination present and an analysis unit to 
analyZe the color temperature, With the detection unit prefer 
ably being realiZed by the recording unit or camera that is 
present in any case. 
[0013] For the purposes of optimiZing accuracy and further 
simpli?cation, the characteristics of the directivity patterns of 
the sensors are preferably the same and the distances betWeen 
the sensors as large as possible. 
[0014] The illumination angle is also determined continu 
ously as a function of the recording unit in respect of a time 
axis, thereby alloWing a particularly realistic light guidance to 
be generated for the virtual objects. 
[0015] To improve accuracy further and to process dif?cult 
illumination conditions, the sensors With their sensor align 
ments and associated directivity patterns can preferably be 
disposed in a rotatable manner. 
[0016] A threshold value decision unit can also be provided 
to determine a uniqueness of an illumination angle, With the 
virtual light guidance being disabled in the absence of 
uniqueness. Therefore no virtual shadoW and/or ?ll-in 
regions are generated for the virtual object in particular in 
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diffuse illumination conditions or illumination conditions 
With a plurality of light sources distributed in the space. 
[0017] As far as the method is concerned, a real object is 
?rst recorded using a recording unit, having an optical axis, 
and displayed in a display unit. A data processing unit is then 
used to generate a virtual object to be inserted and display it 
on the display unit or overlay it on the real object. With at least 
tWo light-sensitive sensors, each having a knoWn sensor 
directivity pattern, a sensor positioning and a sensor align 
ment, an illumination is then detected and output in each 
instance as sensor output signals. Using these sensor output 
signals and based on the knoWn sensor positioning, the sensor 
alignment and the characteristics of the sensor directivity 
pattern, an illumination angle is then determined in relation to 
the optical axis and light guidance or the insertion of virtual 
shadoW and/ or ?ll-in regions is then carried out for the virtual 
object as a function of the determined illumination angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] These and other objects and advantages of the 
present invention Will become more apparent and more 
readily appreciated from the folloWing description of the 
preferred embodiments, taken in conjunction With the accom 
panying draWings of Which: 
[0019] FIG. 1 shoWs a simpli?ed diagram of a method and 
the associated device for carrying out light guidance in an 
augmented reality system in accordance With one potential 
embodiment of the present invention; 
[0020] FIG. 2 shoWs a simpli?ed diagram of the device 
according to FIG. 1 to illustrate the mode of operation of the 
sensor directivity patterns of the sensors during determina 
tion of an illumination angle; 
[0021] FIG. 3 shoWs a simpli?ed diagram to illustrate the 
one-dimensional illumination angle determined in an aug 
mented reality system; and 
[0022] FIG. 4 shoWs a simpli?ed diagram to illustrate a 
spatial illumination angle by tWo one-dimensional illumina 
tion angles. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention, examples of 
Which are illustrated in the accompanying draWings, Wherein 
like reference numerals refer to like elements throughout. 
[0024] FIG. 1 shoWs a simpli?ed diagram of an augmented 
reality system, as can be implemented for example in a 
mobile terminal and in particular a mobile telecommunica 
tion terminal or mobile telephone H. 
[0025] According to FIG. 1 an image of a real environment 
or a real object to be recorded RO With an associated real 
shadoW RS is recorded by a camera or recording unit AE 
integrated in the mobile terminal H and displayed on a display 
unit 1. To augment the recorded image, a ball for example is 
overlaid as What is knoWn as a virtual object VO on the 
recorded real object With its associated shadoW, Which can be 
a ?owerpot for example, resulting in an augmented reality. 
The real object RO With its associated real shadoW RS and the 
virtual object VO can of course also be any other objects. 
[0026] FIG. 1 also shoWs a light source L, for example in 
the form of an incandescent lamp, Which, as the main light 
source, is primarily responsible for illuminating the real envi 
ronment or real object RO and thus generates the real shadoW 
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or shadoW region RS associated With the real object RO. As 
such a real shadoW RS also changes correspondingly as the 
illumination conditions change, for example shortening or 
lengthening or being rotated through a predetermined angle, 
such illumination conditions must also be taken into account 
for What is knoWn as light guidance for the virtual object VO. 
More speci?cally, not only is the virtual object VO added to 
the real environment displayed on the display unit I but a 
corresponding virtual light guidance is also carried out, in 
other Words for example a virtual shadoW VS of the virtual 
object VO and/or a virtual ?ll-in region VA on the virtual 
obj ectVO is added as a function of the respective illumination 
conditions. This produces very realistic representations With 
augmented reality. 
[0027] To realiZe such light guidance, in contrast to the 
related art, shadoW objects or What are knoWn as shadoW 
catchers inserted into the scene are not used, rather an illumi 
nation angle is determined in relation to an optical axis of the 
recording unit AE by at least tWo light-sensitive sensors S, 
Which are located for example on the surface of a housing of 
the mobile terminal H. The light-sensitive sensors S here each 
have a knoWn sensor directivity pattern With a knoWn sensor 
alignment and a knoWn sensor positioning. Based on this 
sensor positioning, the sensor alignment and the characteris 
tics of the sensor directivity pattern, it is then possible to 
evaluate the sensor output signals output at the respective 
sensors or their amplitude values, such that an illumination 
angle can be determined in relation to the optical axis of the 
recording unit AE, as a result of Which virtual light guidance 
can in turn be carried out in the image on the display unit I for 
the virtual object or a virtual shadoW region VS and/or a 
virtual ?ll-in region VA can be generated. This calculation is 
for example processed by a data processing unit present in 
any case in the mobile telecommunication terminal H, said 
data processing unit also being responsible for example for 
setting up and canceling connections and a plurality of further 
functionalities of the mobile terminal H. 

[0028] FIG. 2 shoWs a simpli?ed diagram to illustrate the 
basic mode of operation during the determination of an illu 
mination angle, as required for the light guidance or the 
generation of virtual shadoW and virtual ?ll-in regions. 
[0029] According to FIG. 2 the recording unit AE or a 
knoWn camera and at least tWo light-sensitive sensors S1 and 
S2 are disposed on the surface of the housing of the mobile 
terminal H. The recording unit AE has an optical axis OA, 
Which is de?ned beloW as the reference axis for the illumina 
tion angle a to be determined in relation to a light source L. 

[0030] To simplify the diagram, according to FIG. 2 only 
one one-dimensional illumination angle a is ?rst considered 
and detected Within one plane betWeen a light source L and 
the optical axis OA of the recording unit. FIG. 2 also only 
shoWs a single light source L, Which is realiZed for example 
by the sun in the case of a daylight environment. 

[0031] The sensors S1 and S2 have a knoWn sensor posi 
tioning in respect of the recording unit AE and are located at 
a knoWn distance d1 and d2 from the recording unit AE in 
FIG. 2. The sensors S1 and S2 also have a knoWn sensor 
alignment SA1 and SA2 in relation to the optical axis OA of 
the recording unit, Which is correlated to a respective knoWn 
directivity pattern RD1 and RD2. The sensor alignment SA1 
and SA2 is parallel to the optical axis OA of the recording unit 
according to FIG. 2, resulting in simpli?ed calculation of the 
one-dimensional illumination angle 0t. According to FIG. 2 
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the curve of the directivity pattern RD1 and RD2 is elliptic, 
having an elliptic club shape in a spatial representation. 
[0032] The mode of operation of the sensor directivity pat 
tern is as folloWs here: a distance from the sensor to the edge 
of the elliptic curve or spatial elliptic club shape of the sensor 
directivity pattern corresponds to an amplitude of a sensor 
output signal SS1 and SS2, output at the sensor, When light 
from the light source L strikes the sensors S1 and S2 at a 
corresponding angle [31 or [32 to the sensor alignment SA1 or 
SA2.An amplitude of the sensor output signal SS1 and SS2 is 
therefore a direct measure of the angles [31 and [32, so a 
one-dimensional illumination angle 0t can be determined 
uniquely With knowledge of the characteristics of the direc 
tivity pattern RD1 and RD2 or the curve shapes and sensor 
positionings or distances d1 and d2, as Well as the sensor 
alignment SA1 and SA2 in relation to the optical axis OA. 

[0033] According to FIG. 3 it is possible as a function of 
this one-dimensional illumination angle a, betWeen the opti 
cal axis OA of the recording unit AE and the virtual object to 
be inserted, and a knoWn virtual angle y to carry out the 
corresponding virtual light guidance and to insert a virtual 
shadoW region VS and/or a virtual ?ll-in region VA for 
example in the image on the display unit I according to FIG. 
1, in a manner that is both realistic and accurate in respect of 
angles. 
[0034] The light-sensitive sensors S or S1 and S2 can for 
example be realiZed in the form of a photodiode, a phototrans 
istor or other photo-sensitive elements, having a knoWn direc 
tivity pattern. A directivity pattern can also be set or adjusted 
correspondingly by Way of a lens arrangement, Which is 
located in front of the light-sensitive sensor. Taking into 
account the sensor directivity patterns RD1 and RD2 and the 
associated sensor alignments SA1 and SA2 it is then possible 
to determine the resulting one-dimensional light-incidence 
angle or illumination angle 0t in one plane, Which is de?ned 
through the tWo sensor elements S1 and S2, by establishing 
the relationship betWeen the tWo sensor output signals SS1 
and SS2, as in the monopulse method used in radar technol 
ogy. 

[0035] Since only one one-dimensional illumination angle 
a can be determined With tWo such light-sensitive sensors but 
a spatial illumination angle has to be determined for realistic 
light guidance, tWo such one-dimensional illumination 
angles are determined in an exemplary embodiment accord 
ing to FIG. 4, to determine a spatial illumination angle. 
[0036] More speci?cally, in FIG. 4 tWo such arrangements 
as shoWn in FIGS. 2 and 3 are combined, so that respective 
one-dimensional illumination angles ay can be determined 
for example in a y direction and (x2 in a Z direction. A resulting 
spatial illumination angle can thus be determined for a light 
source L in the space. 

[0037] A third light-sensitive sensor is preferably disposed 
here on the surface of the housing of the mobile terminal H for 
example, such that it is located in a further plane. In the 
simplest instance it is disposed according to FIG. 4 for 
example perpendicular to the x-y plane of the ?rst tWo sensors 
in an X-Z or y-Z plane, giving a rectangular coordinate system. 
One of the three sensors is hereby preferably used tWice to 
determine the tWo one-dimensional illumination angles (1.}, 
and (x2. In principle hoWever other sensor arrangements and in 
particular a larger number of sensors are possible, alloWing 
further improvement of the accuracy or a detection region of 
the illumination conditions. The respective sensor align 
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ments, sensor positionings and sensor directivity patterns are 
taken into account When evaluating the output sensor output 
signals. 
[0038] A standard method for determining the spatial illu 
mination angle from tWo one-dimensional illumination 
angles is the triangulation method knoWn from GPS (global 
positioning system) systems for example. HoWever any other 
methods can also be used to determine a spatial illumination 
angle. 
[0039] According to a second exemplary embodiment (not 
shoWn), such a spatial illumination angle can hoWever also be 
determined or estimated based on only one one-dimensional 
illumination angle, if the plane of the tWo light-sensitive 
sensors required for this one-dimensional illumination angle 
is parallel to a horiZon or earth surface and the main illumi 
nation source is realiZed by the sun or sunlight, as is generally 
the case for example With a daylight environment. 

[0040] According to this particular exemplary embodi 
ment, a time of day at a de?ned location, from Which a 
position of the sun or a second illumination angle perpendicu 
lar or vertical to the earth surface can be estimated, is also 
taken into account in addition to a one-dimensional illumina 
tion angle, to determine the spatial illumination angle. As a 
result only illumination changes taking place in a horizontal 
direction are detected by the tWo sensors S1 and S2 or by the 
one-dimensional illumination angle 0t, While the illumination 
changes taking place in a vertical direction are derived from a 
current time of day. 

[0041] For this purpose a timer unit is used, Which is gen 
erally present in any case in mobile terminals H, for example 
in the form of a clock With time Zone data and summer-time is 
taken into account. A detection unit to detect a color tempera 
ture of the illumination present can also be provided to deter 
mine a daylight or arti?cial light environment, With an analy 
sis unit analyZing or evaluating the detected color 
temperature. Since the knoWn recording units or cameras 
deployed in mobile terminals H generally provide such infor 
mation in respect of a color temperature in any case, the 
recording unit AB is used as the detection unit for color 
temperature and the data processing unit of the mobile termi 
nal H is used for the analysis unit. The use of timer units and 
recording units that are present in any case results in a par 
ticularly simple and economical realiZation for this second 
exemplary embodiment. 
[0042] Such embodiments can of course also be combined 
With further sensors to determine further one-dimensional 
illumination angles, ultimately resulting in a spatial illumi 
nation angle, on the basis of Which virtual light guidance can 
be carried out or the virtual shadoW and/ or virtual ?ll-in 
regions can be generated for the virtual objects. It is possible 
to improve accuracy as required using this technique. 
[0043] To simplify calculations further and to increase the 
accuracy of the calculation results, the characteristics or 
curves according to FIG. 2 of the sensor directivity patterns of 
the sensors S used are preferably the same or identical and the 
distances betWeen the sensors are as large as possible. 

[0044] To realiZe the most realistic light guidance possible, 
the illumination angle is carried out continuously in respect of 
time as a function of the recording unitAE. More speci?cally, 
associated calculations and corresponding light guidance are 
carried out for example for each recording of an image 
sequence. In principle hoWever such calculations can also be 
restricted just to predetermined time intervals, Which are 
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independent of the functionality of the recording unit, in 
particular to save resources, such as computing capacity for 
example. 
[0045] To realiZe the most ?exible method possible and an 
associated device for light guidance in an augmented reality 
system, the sensors With their knoWn sensor alignments and 
associated sensor directivity patterns can also be disposed in 
a rotatable manner, for example on the surface of the housing 
of the mobile terminal H, With the changing angle values for 
the sensor alignments hoWever also having to be detected and 
transmitted to the data processing unit to be compensated for 
or taken into account. 
[0046] Finally a threshold value decision unit can also be 
provided to determine a uniqueness of an illumination angle 
and therefore the illumination conditions, With the virtual 
light guidance for the virtual objects being disabled or no 
virtual shadoW and/or virtual ?ll-in regions being generated 
in the image on the display unit in the absence of uniqueness. 
Incorrect virtual light guidance can therefore be prevented in 
particular in very diffuse light conditions or Where there are a 
plurality of equivalent light sources disposed in the space, 
With the result that virtual objects can be displayed in a very 
realistic manner. 

[0047] The device and method Were described on the basis 
of a mobile telecommunication terminal, such as a mobile 
telephone H for example. It is hoWever not restricted thereto 
and equally covers other mobile terminals, such as PDAs 
(personal digital assistants). It can also be used on stationary 
augmented reality systems. The device and method Were also 
described on the basis of a single light source, such as an 
incandescent bulb or a sun. The device and method are hoW 
ever not restricted thereto but equally covers other main light 
sources, Which can be made up of a plurality of light sources 
or different types of light sources. The device and method 
Were also described on the basis of tWo or three light-sensitive 
sensors to determine an illumination angle. It is hoWever not 
restricted thereto but equally also covers systems With a plu 
rality of light-sensitive sensors, Which can be positioned and 
aligned in any manner in relation to the recording unit AE and 
its optical axis OA. 
[0048] A description has been provided With particular ref 
erence to preferred embodiments thereof and examples, but it 
Will be understood that variations and modi?cations can be 
effected Within the spirit and scope of the claims Which may 
include the phrase “at least one of A, B and C” as an alterna 
tive expression that means one or more of A, B and C may be 
used, contrary to the holding in Superguide v. DIRE CT V, 358 
F3d 870, 69 USPQ2d 1865 (Fed. Cir. 2004). 

1-22. (canceled) 
23. A device for light guidance in an augmented reality 

system, comprising: 
a recording unit, having an optical axis, to record a real 

object; 
a display unit to display the real object and a virtual object 

after the real object has been recorded by the recording 
unit; 

at least tWo light-sensitive sensors, each With a knoWn 
sensor directivity pattern and having a knoWn sensor 
positioning and sensor alignment With respect to the 
optical axis of the recording unit, the sensors each pro 
ducing a detected sensor output signal; and 

a data processing unit to determine an illumination angle in 
relation to the optical axis of the recording unit based on 
the knoWn sensor positioning, the knoWn sensor align 
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ment, the knoWn sensor directivity pattern and the sen 
sor output signals, the data processing unit guiding light 
for the virtual object as a function of the illumination 
angle. 

24. The device as claimed in claim 23, Wherein While light 
is being guided, a virtual shadoW and/or a virtual ?ll-in region 
for the virtual object is inserted on an image of the virtual 
object on the display unit. 

25. The device as claimed in one of claim 23, Wherein a 
one-dimensional illumination angle is determined by estab 
lishing a relationship betWeen tWo sensor output signals tak 
ing into account the respective sensor directivity. 

26. The device as claimed in claim 25, Wherein a spatial 
illumination angle is determined by triangulating tWo one 
dimensional illumination angles. 

27. The device as claimed in one of claim 23, further 
comprising: 

a detection unit to detect a color temperature of light used 
to illuminate the real object, and 

an analysis unit to analyZe the color temperature and to 
determine Whether the light is daylight or arti?cial light 
environment. 

28. The device as claimed in claim 27, Wherein the detec 
tion unit is part of the recording unit and the analysis unit is 
part of the data processing unit. 

29. The device as claimed in one of claim 25, further 
comprising a timer unit to output a time of day, With a spatial 
illumination angle being determined based on the one-dimen 
sional illumination angle and the time of day. 

30. The device as claimed in one of claim 23, Wherein the 
light-sensitive sensors have the same directivity pattern. 

31. The device as claimed in claim 23, Wherein the light 
sensitive sensors are positioned at opposite ends of a ?eld, 
With a distance betWeen the light-sensitive sensors being as 
large as possible. 

32. The device as claimed in claim 23, Wherein the illumi 
nation angle is determined continuously as a temporal func 
tion of the recording unit. 

33. The device as claimed in one of claim 23, Wherein the 
light-sensitive sensors are rotatable. 

34. The device as claimed in claim 23, further comprising 
a threshold value decision unit to determine Whether the 
illumination angle is unique, the light for the virtual object not 
being guided unless the illumination angle is unique. 

35. A method for light guidance in an augmented reality 
system, comprising: 

recording a real object using a recording unit having an 
optical axis; 

displaying the recorded real object on a display unit; 
generating a virtual object using a data processing unit; 
displaying the virtual object on the display unit; 
detecting actual illumination using at least tWo light-sen 

sitive sensors, each having a knoWn sensor directivity 
pattern, a knoWn sensor positioning and a knoWn sensor 
alignment, the sensors each producing a sensor output 
signal; 

determining an illumination angle of the actual illumina 
tion in relation to the optical axis of the recording unit, 
the illumination angle being determined using the sensor 
output signals the knoWn sensor positioning, the knoWn 
sensor alignment and the knoWn sensor directivity pat 
terns; and 

carrying out] guiding virtual light for the virtual object as a 
function of the illumination angle. 
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36. The method as claimed in claim 35, wherein While light 
is being guided, a Virtual shadow and/or a Virtual ?ll-in region 
for the Virtual object is inserted on an image of the Virtual 
object on the display unit. 

37. The method as claimed in claim 35, Wherein a one 
dimensional illumination angle is determined by establishing 
a relationship betWeen tWo sensor output signals. 

38. The method as claimed in claim 37, Wherein in step a 
spatial illumination angle is determined by triangulating tWo 
one-dimensional illumination angles. 

39. The method as claimed in claim 35, further comprising 
detecting a color temperature of the actual illumination to 
determine Whether the actual illumination is daylight or arti 
?cial light. 

40. The method as claimed in claim 39, Wherein the color 
temperature is detected by the recording unit. 
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41. The method as claimed in claim 39 Wherein a time of 
day is, and 
When the actual illumination is determined to be daylight, 

a spatial illumination angle is determined based on a 
one-dimensional illumination angle and the time of day. 

42. The method as claimed in claim 35, Wherein the light 
sensitive sensors are positioned at opposite ends of a ?eld, 
With a distance betWeen the light-sensitive sensors being as 
large as possible. 

43. The method as claimed in claim 35, Wherein the illu 
mination angle is determined continuously as a temporal 
function of the recording unit. 

44. The method as claimed in claim 35, Wherein the light 
sensitive sensors are rotatable. 

* * * * * 


